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1.0 INTRODUCTION

1.1 PROGRAM GOALS

The aim of this program was to study the molecular and
electronic structure of Trinitrotoluene (TNT) 1n its various
crystal phases. Sample of cast TNT, which normally contain a
mixture of orthorhombic and monoclinic phases, will often develop
cracks and voids when orthorhombic monocrystals transform to the
denser monoclinic phase upon annealing. The desire to learn more
about the molecular structure and molecular dynamics cof TNT in
these two phases provides part of the rational for this study.
Nitrogen-14 nuclear quadrupole resonance (NQR) techniques were
proposed as singularly well suited to the problem and because they
complement x-ray and other crystallographic studies. 1t was
further proposed to study the molecular dynamics of TNT in the
solid state. Finally, explosive systems, such as RDX and HMX,
were propoéed as candidates for an NQR study.

i.2 SUMMARY OF PROGRAM RESULTS

We have established that NQR studies are welil suited

to the characterization of explosive substances such e&s
TNT, RDX, and HMX.

1-1
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The complete Nitrogen-14 NQR Spectrum of TNT was obtained
for both the stepble phaso (monoclinic) and the unstable
(orthorhombic) phase. It was established that gquadrupole coupling
data are very sensitive to and can vield a measure of the angle
of twist, 8,0f the plane of the NO2
the benzene ring about the CN bond. The temperature dependence
of the NQR data was then used to obtain <A6> RMS, the root mean

group away from the plane of

square angular displacements about the equilibrium value of ©
at room temperature. Large values of <A0> RMS were found in axcess
of 10° at room temperature. Also, large variations in <40> RMS

were observed among different NO2 groups.

For the high explosive 1,3,5,7-tetranitro-1,3,5,7-tetraaza-
cyclooctane (iMX), an analysis of the Nitrogen-14 NQR spectrum
and its temperature dependence yield details of the motion of the
molecule in the solid. The Nitrogen-14 NQR spectrum of RDX at

77°K was also reported.

Finally, two instrumentation advances were made. A new pulse

sequence, labelled SORC for Strong-Off-Resonant Comb of RF pulses,

was introduced and some of its properties were studied. 1In addition,

moved by a3 desire to display as much as possible of the crowded
NQR spectrum of INT as possible, Fourier transform (FT) technigues
were extended to obtaln close to ar order-of-magnitude increase

in the breadth of the spectrum displaved in a single Fourier
transform.

1-2
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2.0 EXPERIMENTAL TECHNIQUES

0f the many experimental methods 1-3

suitable for the
detection of nuclear quadrupole coupling in solids, pulsed NQR in
conjunction with Fourier transform techniques4 offer important
advantages for the current project. Principal among these is the
high resolution with which individual line shapes can be detected
and displayed. This enables us to resolve, for example, all the
features of the remarkably crowded Nitrogen-14 NQR spectrum of
o-TNT: twenty-four lines were detected in the frequency region

700-900 kHz.

A brief discussion of the basic concepts of the theory of NQR
igs presented in Appendix A. The pulsed NQR spectrometer used in
this work was developed at Block Engineering and has been
published elsewheres. Jn the next sections we will describe some

of the specific advances in experimental techniques that were made

during this project.

2.1 PULSED TECHNIQUES FOR NTTROGEN-14 NQR

txtensive signal enhancement is often requ.red before
Nitrogeun-14 nuclear quadrupcle resonance lines can be displayed
with satiufactory signail-to-noise ratio. The pulse sequence most
suited to a marticular situaticn and the data handling used are
chosen with this in mind. Four possible pulse sequences are
discussed below. The optimum choice depends on the value of the

relaxation times of the particular transition under study. f
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2.1.1 Free Induction Decay

The NQR response of a single crystal to a resonant pulse of
RF irradiation is completely analogous to the spin 1/2 NMR case.
One difference is that the intensity of the free induction decay
(FID) response depends on the orientation of the =radio-frequency
field Hl
principal axes system. For a spin I = 1 system, the three

with respect to the electric field gradient (EFG)

resonance lines Vo Vv_ and Vg can be observed only when the

irradiation field H, is oriented, respectively, along the x,y, and

1
z principal axes of the EFG tensor. As an example, for a y_ lire,
thae expected value of the iaadnetlization along the y axis is

proportional to:

hv )
§E@} sin (/2 wltw) cos (2wv_t) (2.1.1-1)

where wl =‘YHl measures the intensity of the irradiation, and tw
is the duration of the irradiating pulse. The maximum response is

obtained when: :

2 wy t, = Y2y Hyt = /2 (2.1.1-2)
in analogy with the NMR case.

Ir NQR, however, the sample often consists of a polycrvstalline
powder. In such cases a convolution for all orientations
must be made. The result® is that the sin (waltw) function in
the expression for the expectation value of the magnetization
becomes a Bessel function, Jl(/amltw). This function has its
first maximum, analogous to a "90° pulse”, at Jiwltw = 0.66w and
not at 0,57 as the sine function. Similarly, the f:rst null,
corresponding to a "180° pulse® occurs for a value of the argument

equal to 1.437 rather than simply toa value of .

2-2 i
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The time constant of the free induction decay is lebelled
Tz*. In solids this parameter is usually small, given the
rigid-lattice broadening of energy levels caused by the magnetic
dipole-diploe interaction.7 Therefore, FID signals are usually at
ieaust partially masked by the instrument dead-time or recovery-time
following each intense RFpulse. For these reasons FID signals
are often no% observed. This is 30 even in the case of 14N NQR
wnere the magnetic dipole-dipole interaction is quenched to first

. . 8
order because the nuclear spins have integer values. .

2.1.2 Spin Echo and Carr-Purcell (CP) Sequence

Following a FID experiment in a case where T, {spin-spin
relaxation time) >>T2* (FID time constant) it is possible to
recall part of the magnetization not lost through T, processes by
applying a "180° pulse" at a time Tt after the first pulse. As is
well known, an "echo" will form at the time 21; this echo signal
can be repeatedly racalled9 at integral multiples of this time,
2nt, by the application of additional "180° pulses" at times
{2n-1)t. The amplitude of the resultant echo train decays with
time constant T, (Figure 2.1.1-1). Signal-to-noise enhancement
can be obtained by coherently a2dding successive echoes in the
sequence. The optimum time for co-addition is easily shown
to be 1.26T2. Due to the generally small value of T, in solids,
however, this method does not result in an appreciable enhancement
of the signal-to-noise ratio.

2~3




aousnbsg TTooInd-AAR) I0J siaejsweaed °[-T°[°'z sanbtg

TN TDONRIIINIONT

>A0071a

| , wfr
_ i

J7dWVS LNVNOSIY /vw . w
30 35NO0JS3Y /mozum . - &
h\. - 3 |
| 2, m
= ~ =
! e D3cwg —offozswe]|E 4
ﬁnY
(=8
“ [+
Sund 1
A00QY
“ ¥
S3STid NOILVLIOX3 i | | I |
9357606 -+ |- 935705 kog3752lle-
._,




F. TR bt o e T T

PRV ———

Sty b

ey
4

2.1.3 Spin~Lock Spin-Echoes (SLSE)

A major advance in S/N enhancement was made by Marino and
Klainerll when an adaptation of the Ostroff-Waugh sequence12 was
applied to NQR. The sequence is essentially a Meiboom-Gill-
modified—CP‘sequence10 where all the pulses have the
same flip angle of "90°", which means 0.66 7 in the NQR of an I =1
nucleus. In Figure 2.1.3-1 (NaNO2 at 77°K, at resonance) and Figure
2.1.3-2 (NaNO, at 77°K, slightly off resonance) it can be seen that
the spin echo train in this sequence persists for times of an order of
the spin lattice relaxation time, Ty and not the much shorter T,.
Coherent addition of the echoes in this case results in
considerable enhancement of the S/N, since Tl >> T2 is the typical

situation in these solids. Marino and Klainer showed that the
1/2

where T28 is the effective

decay constant of the echo train and 21 is the spacing between

optimum enhancement is (.64 (T2€/2T)

echoes, or equivalently the spacing between pulses of the
excitation sequence, It was further shown that the NQR effect was
completely analogous to the spin 1/2, NMR case discussed by Waugh13
in that the decay constant T2€ tends to Tlp as 1 is reduced to
values less than TZ' Furthermore, for intermediate values of T2 ;
this parameter is proportional to T"S, again in analogy to NMR.
Figure 2.1.3-3 shows this functional dependence for NaNO2 at 77°K.
Recently, Cantor and Waughl4 have developed a theory to explain
the main features of this NQR effect using a model of a
polycrystalline solid with each nitrogen site having ore nearest

neighbor.

2.1.4 Strong Off-Resonance Comb (SORC) of RF Pulses

Recently we developed a new pulsed NQR experiment which can
have considerable advantages in enhancing the S/N ratlo of weak

. 4
lines.
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Figure 2.1.3-3. Double logarithmic plot of Ty¢ ., the long
I decay constant {e = effective) of the spin
echo train ¥s. 1, the spacing of the first
two pulses :n the SLSE excitation sequence.
The transition is the V_ line of NaNO, at
77°K at 3757kHz. Also shown are the
relaxation times T

1 and T2 for the transition.
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Tre steady state response of an ensemble of nuclear spins
(I = 1/2) in high magnetic field Ho’ to a strong radio-frequency
field Hyy applied off resonance by Af, has long been known.8 When
all the conditions for the establishment of a spin temperature in
the rotating frame are meL,8 the x~-component of the magnetization, My,
which is experimentally observable, is given by the expression:

Hl (2mAf/Yy)
My = M| 73 2 )
Hl + Hloc + (27Af/y)

(2.1.4-1)

where MO is the equilibrium longitudinal magnetization, Y is the
magnetogyric ratio of the nucleus, and Hloc i1s a measure of the
local field at the nuclear site due tc its neighbors. Results
analogous to Equation 2.1.4-1 have also been derived and observed
for a quadrupolar system15 with nuclear spin I = 3/2 when
subjected to the same strong, long, off-resonant irradiation, Hl.

The preliminary results obtained, when the irradiation field
Hl 1s applied in a long train of equally-spaced identical pulses,
are presented here. Although the SORC experimental data reported
lere are for a quadrupcolar, T = 1 system, analogous effects in a
magnetic system or a quadrupolar system with spin different fronm
unity can be expected.

Figure ¢.1.4-la defines the parameters of the SORC sequence.
Here a train of radio-frequency pulses of duration t,+ Spacing x,
4f away from exact resonance is applied to a pure nuclear
¢lectric guadrupole system in zero external madgnctic field.




Figuie 2.1.4-1la

a. Timing diagram for SORC sequence {Strong
Off~Resonance Conb of RF pulses).

b. Overlay of nuclear induction signals
obtained in SORC observation window when
Af = 3/2 kHz and Af = 3.5/2 kHz. Note
destructive interference in former case.
All data were taken on the v_ line of

NaNO2 at 77°K.

c. Plot of signal height obtained in the
middle and right-hand side of observation
window using the SORC sequence.
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(e) Parameters

« Af=3.5/2 kHz
o Af=3/2 kHz

T = 2 msec

(b) NQR Signal
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{c) NQR Signal vs. Resonance Offset
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The variation of the signal amplitude vs. 4 f, the distance
from exact resonance, shows two features as depicted in Figures
2.1.4-1b and 2.1l.4-lc. First, the signal amplitude is modulated by
sinusoid of period 1/7, the reciprocal of the pulse repetition
rate. This phenomenon is best understood by considering that the
Fourier transform of the transmitter pulses has periodicity 1l/t.
This leads to successive maxima and minima in the NQR signal
(Figures 2.1.4-1b and 2.1.4~1c) as the transmitter frequency is
changed, i.e., 4f is varied. Alternatively, and more naively,
this modulation can be interpreted as the destructive interfernece
3t =ype I signals (FID-like signals immediately following the RF
pulse) 2nd type II signals (immediately preceeding the RF pulse)
in theii «verlap region as the frequency, Af, is slowly varied.

Another featur. shown in Figure 2.1.4-1c is the shape of the
envelope, possibly conforming to a function cf the type
Af/(A2 + Afz), such as Equation 2.1.1-2. Insutficient data have
been taken so far to ascertain tie degree of agreemcnt with theory

on this last point,

The nuclear induction signals present i1n the observation
window between successive pulses of the SORC seguence are shown in
Figure 2.1.4-2 as a function of the pulse separation T. All data
were taken on the v_ line of NaNO, at 77°K. The magnitude of the
type I signal is then plotted vs. 1 in Figure 2.1.4-3. Note that
for 128 msec, the magnitude of type I signals increcases with t, as
might be expected for a FID signal subject to spin-lattice
relaxation. On the other hand, for 745 msec, signals at both ends
of the observation window are of a comparable size and they grow

exponentially with decreasing T; this is the region of interest.
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RELATIVE SIGNAL INTENSITY (ARBITRARY UNITS)

|} i i H
¢
9 o
® O
o 0 15 20
© (HSEC)

Fiqure 2.1.4-3. A samilogarithmic plot of the type I

signal heicht (see text) ws. the pulse
spacing parameter 1. The data are
taken from Fiqure 2.1i-6.
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Figure 2.1.4-4 shows the variation of the type II signal vs.
<Hl >forT = 3 msec. The experimental points are obtained for
far different values of the instantaneous fieldrHl, obtained by
changing the pulse width, t_, at constant "fiip angle", /2 v £y
The dotted line is the curve F = <Hl>/[<Hl>z + Bz] with B = 0.05
G. The fact that <H1>, the average value, rather than Hl’ the
peak value, is the important parameter and that there is good
agreement of the data with the form of Equation 2,1.1-2 is strong
evidence that the ensemble of spins is responding to the
time-average field of the SORC sequence in a manner analogous to

the conventional long, strong, off-resonant pulse.

The size of the parameter B is found to be sbout 0.05G which
is approximately two orders of magnitude tco small for the value
expected from the contribution of Af to Equation .2.,1.1-2. This
discrepancy is reduced by a factor of 5 when the experiment is

repeated for T = 1 msec, as shown in Figure 2.1.4-5. Comparison of

Figures 2.1.4-4 and 2.1.4-5 suggests that the pulsed nature of the
experiment is still very important for t = 1 msec and that

quantitative agreement cannot be expected until T is reduced

further.

The potential of this technique for sensitive detection of
NQR sighals appears great since signals can be obtained and
signal averaged at essentially 100% duty cycle. It also appears
experimentally that the conditions for efficient signal collection
on T/Tz, the ratio of the pulse spacing to the spin-spin
relaxation time, are slightly less stringent here then in the case
of SLSE. However, further experimentation is needed to completely )

undarstand the operational parameters of SORC. .
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at 77°K with £ = 1,5/2 kHz;

t = 1 msec.

2-17
1
3
BLOCK 5
CRNR T BAD \é
3




2.2 FOURIER TRANSFORM TECHNIQUES FOR NITROGEN-14 NQR
There are three main reasons for doing FT spectroscopy:

a. Enhancement of signal-to-noise over CW methods. The
enhancement is given by the square root of the ratio
of the total width of the spectrum to the typical line
width.

b. Pulsed methods are singularly well-suited to data
processing.

c. The line shape is readily obtained directly from the
ocutput.

Of these, the first reason, probably the most important in other
discviplines, is not nearly as important in NQR, because the ratio
defined above is not large and can often be close to unity. This
is so because in solids, line widths are relatively large (a few
kHz) while the bandwidths which can be sujtably irradiated are in
the 10-100 kHz range. This implies that the NQR spectrum must be
obtained over one short frequency interval at a time, and cannot
usually be displayed in a single operation as is the case in

high resolution nuclear magnetic resonance. The other two
advantages, however, have provided the impetus for our development
of FT-NQR techniques.

Once FID or echo signals have been obtained, the proper FT
treatment for each will yield the desired lineshape spactrum16'17.
In this section the procedures the authors found most satisfactory
are discussed.
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The problem of vhase correction for NQR spectra presents a
particular problem not found in fix:d-frequency spectrometers. By
phase correction here we do not mean the usual procedure performed
on FID data to correct for the first few missing data points lost
in the spectrometer recovery time. Rather, we are concerned with
the oroblem present in both FID and echo data that the output of
our phase-sensitive receiver is a generally unknown admixture of
"absorption" and "disversion" signal. The degree of admixture
varies in a complicated manner with the spectrometer operating
frequency and tuning. The phase shift of the phase-sensitive
receiver output away from true "absorption" can be considerable
and must be mathematically corrected in order to obtain a true
line shape from the time-domain data. In Takle 2.2-~I the
mathematical results for Lorentzian lineshapes are collected as
guides to the solution of this problem. (A more elegant solution
would be possible if quadrature detection were available.)

The results in the table show that the presence of phase
snifts produces an admixture of absorption and dispersion modes in
the case of FID signals, and a possible loss of intensity in echo
signals. This problem can be avoided while at the same time the

true Lorentzian line shape is preserved, if the modulus squared

transform is computed for FID signals, and the modulus transform
is computed for echoes. Thus the proper line shapes are obtained
in each case regardless of the degree and source cf phase shift
without need for a separate "phase correction®" subroutine.

In Figures 2.2-1 to 2.2-8 the results of computer-simulated
soectra are known. An ecnu and an.FID signal have been simulated
for both Lorentzian and Gaussian lineshapes. Cosine, 8ine, the
square of the modulus, and modulus transforms are computed and
displayed. Figures 2.2 1 to 2.2-4 are for zero phase shift, while
Figures 2.2-5 to 2.2-8 have a phase shift of 30° in the time
domain signals. Note that in all cases the conclusions discussed
for proper data processing are borne out, mainly that the modulus
squared transform should be used for FID signals, and the modulus
transform should be used for echo signals.
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TABLE 2.2-1

l LORENTZIAN FID AND ECHO COMPLEX
SIGNALS AND THEIR FOURIER TRANSFORM

FI

—

TIME DOMAIN: F(t) = e Yot &1 50

C, Cosine transform = —2-——1——2 {acosqb - (m-mo)simb}
0

o +{w-w_)
S, Sine transform = Z_L—Z gasin¢+ (w-wo)cos¢}
a“+H{w-w_)
0
- 2.2 )
C™+S~, Modulus squared transform = B
I a“+H{w-w_)
0
3

oy l [02+SZ]", Modulus transform

N
[a2+(w-w0 ) 2}

ECHO

at -iw t-1p t<Q
TIME DOMAIN: f(t) ={e ¢ .08
e-atemot e i t>0

1

C, Cosine transform = 5 > 2acos¢

; [ a +(m-wo)
g ) S, Sine transform = 3 1 9 2asind
boye a+(w-w_)
P 1 0
| 2,:2 2 7°

. C™+S~, Modulus squared transform sl

: a +(w-wo) i

2
[C2+SZ]§, Modulus transform {;2 2 2]
+(w-w,)

|
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Figure 2.2-1. Computer-simulated expcnential FID signal '
(a) and its Fourier transform (b-e). {a)
time domain signal [e-Qtcos wt]; (b) Cosine .
FT _of {a); (e) Sine FT, (d) modulus squared
(C< + 8<) (e) modulus FT, /C2 + S2
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Figures 2.2-9, 2.2-10 and 2.2-11 show experimental spectra
that demonstrate the foregoing arguments. Figures 2.2-9(a) and
2.2-10(a) are the Nitrogen-14 NQR FID signals at 77°K from
hexamethylenetetramine (HMT) and urea, respectively. The Cosine
and Sine transforms of HMT, Figures 2.2-9(b) and (c), clearly show
the admixture of absorption and dispersion expected when phase
shifts exist in the time-domain data. This effoct is much less
evident in the cosine and sine transforms of urea, Figures
2.2-10(b) and (c), which occured with only a small phase sﬁift.
Finally, the proper lineshapes are shown in Figures 2.2-9(d) and
2.2-10(d), the modulus squared transforms of the time-cdomain
signals. Note the fine structure on the HMT line, first reported
18 The modulus transforms, Figures

by Colligiani and Ambrosetti.
3.2-9 (e) and 2.2-10 (e), are shown for comparison and they are

visibly broader than the true lineshapes.

An example of an echo signal is shown in Figure 2.2-11, a
doublet of V_ lines from the monoclinic phase of TNT at 77°K.
Figures 2.2-11(b) and (c) are, respectively, the Cosine and Sine
transforms of this signal. Note that, as expected, both of these
transforms yield valid lineshapes with fractional amplitudes, and
that the modulus transform, Figure 2.2-11 (e), yields the correct

1ineshape with maximum amplitude.

In Appendix B we collect a library of TNT lineshapes. 1In
each case the time-domain echo signal is shown at the top vf each

figure, and the modulus Fourier transform, i.e., the lineshape, is

shown at the bottom of the figure.
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2.2,1 Broadband Fourier Transform Techniques for Nitrogen-14 NQR

In the last section it was pointed out that unlike the case
3 of high-resolution nuclear magnetic resonance (NMR) it is not
generally possible for a single Fourier transform (FT) to display
a complete NQR Fourier transform (FT). 1In fact, typical
Nitrogen-14 NQR Fourier transforms (FT) span only a few kHz. For
examples, see Appendix B. There are several reasons tfor this

restriction:

‘ o A. RECEJTVER BANDWIDTH

g | i In order to maximize the signal-to-noise ratio (S/N), the
receiver bandwidth is kept low, typically not much larger than 10 '
1 kHz. In any event, the cut-off frequency must not be higher than :

half the frequency of the analog-to-digital converter of the : !

! signal averager used.
B. SAMPLE COIL QUALITY FACTOR |

High values of the sample coil quality factor, Q, are used to
maximize the S/N. The half-width at half-mwaximum of the
b receiver coil is given by Af = fO/Q. Thus, typical values of the
transmitter frequency fo = 1MHz and Q@ = 100 yield 4f = 10 kHz.

Thus we see that under these conditions the sample coil, quality
factor introduces considerable distortions for Fourier transforms
- i that extend much beyond 20 kHz,
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C. TRANSMITTER PULSE SHAPE FUNCTIONS

The spectral intensity of rectangular transmitter pulses of
duration, t, and carrier RF frequency, fo = w0/2n, varies with
frequency as (ﬂAft)—l sin (fAft), where Af is the frequency offset
from fo‘ Thus, there is no transmitter power whatever at the
first zero of this function, i.e., at a frequency of Af = 1/t away
from the carrier fo’ Thus, the width of an NQR spectrum ,D, that
1s to be evenly excited by one or more transmitter pulses should
be small compared to 1l/t. Remembering that the choice of pulse
width is governed by the need to generate an optimum flip-angle
(cf. Equation 2.1-1), these considerations place a rigid
constraint on D. For our spectrometers, which is comparable to
other designs in use in this respect, t x50 microseconds. Thus,
one requires

D << 20 kHz, (2.2.1-1)
which is clearly a very stringent requirement.

The above considerations, together with the fact that the
typical NQR spectrum reported in the literature consists of only a
few widely separated narrow lines, have resulted in FT/NQR

spectral widths,D: of the order of 3 to 5 kHz. However, driven by
a desire to display as much as possible of the crowded 14N NQR
spectrum of TNT (cf. Figure 3.1-1 in the next section,) we were
led to a study of ways to broaden D. The following steps were

taken,

a. The signal average analog-to-digital (A-D) converter
speed was increased from 50 kHz to 200 kHz. This was
accomplished by using a Princeton Applied Research PAR
4202 signal averager with a 9 bit, 200 kHz A-D converter
and by designing and building a custom interface for the
Digilab Data System NOVA minicomputer. (Details of this
work are given in Appendix D).

——— -




b. The spectrometer receiver output filters were change=d
to allow the choice of a 100 kHz low pass filter.

c. The sample coil Q was lowered to a value of 24 by adding
a series resistance to it.

d. Transmitter pulse widths were reduced to 10
microseconds. Because of finite rise and fall tiases,
this value could not be reduced further.

These modifications allow spectra with width D = 50 kHz in a single
FT to be displayed, roughly an order of magnitude improvement over
past practice. Signal averaging times needed to be sharply
increased to make up for the degraded signal to noise ratios
resulting from the choices made in "a"- "d" above. In order to
minimize distortion of the computed broadband spectrum the
transmitter pulse RF carrier, fo' was placed at the edge of the
desired spectrum, D, while the receiver and the sample tank circuit
were tuned to the middle of D. The spectrometer was designed5 to
have a low value of Q, about 10, during the transmitter pulse.
Therefore, placing fo at the edge of D, the position of choice to
obtain the true spectrum in the absence of guadrature detection
poses no significant danger of distortion due to the sample coil

Q.

Figure 2.2.1~1 shows our result for monoclinic TNT at 77°K5
All six v, lines are contained in a single interferogram, which
is itself shown at the top of the figure. The final signal was
obtained by the coherent addition of 600,000 echoes as follows: a
SLSE train was generated with 100 echoes at 10 millisecond
separation each. The spin system was allowed to approach thermal
equilibrium with the lattice for 3 seconds, and the process
repeated 6,000 times. The total observation time was 6.7
hours, The transmitter frequency and, therefore, also the origin

of the FT is at 855.5 kHz. The receiver was tuned to 874.0 kHz.
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2.2.1-1 Echp signal interferogram and its broadband
Fourier transform showing all six v lines of
monoclinic TNT at 77°K. Other parameters are
given in the text.




Various corrections can be made to the raw data shown in

Dt

Figure 2.2.1-1 in an attempt to improve the considerable distortion
still seen there, exemplified by the decreasing amplitude of peaks

with increasing frequency offset. We list some possible remedies,

a. correct for sample coil Q function
b. correct for the receiver filter characteristics

c. correct for the transmitter pulse spectral intensity
variations

d. correct for the transmitter pulse non-ideality, e.qg.,
the phase shifts introduced by finite rise and fall
i times.

e. correct for the fact that the intensity of an
interferogram signal obtained from the coherent sum of a
! train of echoes ir. a SLSE sequence is a function of the
1 relaxation times of the individual resonances and not
merely a reflection of a density-of-states function.

In Fiqure 2.2.1-2 we show the same TNT spectrum of the previous
figure corrected only for a. and b. above. A slight improvement

is observed. (N.B., the sharp feature exactly at 50.0 kHz is a
spurious "electronic resonance" and is not sample dependent). The
correction function was obtained experimentally by measuring the
response of the coil and receiver combiration in a separate

procedure. The resulting normalizing function is shown as Figure
{ 2.2.1-3.
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One of the benefits of being able tc display a larger
spectrum D, is that it enables us to study effects that occur in
this larger domain. An cbvious case is the situation of the need
to study NQR lines that are themselves intrinsically broad in
frequency space. An example is the hydrogen bonded crystal
Hexamethylenetetramine Hexahydrate which has three NQR lines
labelled Vyr V_y and R broaded by positionally disordered protons
in the structure. The broadband F1 spectra of these lines are
shown in Appendix C.

2.3 TEMPERATURE DEPENDENCE

Two methods were used to determine the frequency/temperature
dependence of the TNT NQR lines.

The first method of temperature control is shown in Figure
2.3-1la, the temperature stabilization assembly. This assembly
with the circuitry shown in Figure 2.3-2, was able to control the
temperature to $0.1°C between 140°K and 320°K. For temperatures
reasonably above ambient, the liquid nitrogen ballast is not
needed.
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